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Observations on ihe Wake Characteristics 44 1 

essentia!* all high-performance golf balls are near ^J^jJ^SS 
cnPPrf nerodvnamics is the primary determining factof in carry distance on on «, 
&fS!SSSSS^^^ ^rodynamic performance of a golf ball 
under specific launch conditions. ,. auseS the 

Wakes are formed behind objects that have a shape 
flow to separate. As the air flows around the surface of the ball, « ^ n " h ^ 
enough momentum to overcome the adverse pressure forces created b • J»£™ 
ure of the surface, and the flow will separate from the surface and rejoin the free 
» The point at which this occurs is called the separauon point. The region 
teS the s P K between*^ 

oTh« word the average pressure on the golf ball on the downstream hall 'of die : bal 
^£u* l~ «A 5n the side facing tl^Jl 
result of the force created by this pressure diffintoce is ca 
essentiaUy a resistance to the movement of the ball through the air. The torn drag 
ZSS£« to the location of the points of separation on «J*J 
iormationof the wake. Wakes are characterized by velocities less ; than the velocity 
nTondis urbed, or freestream, flow and grow laterally in the do wnsn* am now 
direction The edges of the wake are regions of high shear due to large changes m 

J^$S££*£liW to examine differences in the wake ^^nf 
balls having significantly different lift and drag characteristics. The« * di^rMcw 
?n ft and drag'ut characterized by ball performance on drive **m*u^« 
the test range at the Dunlop Maxfli Sports Corporation Outdoor Research Center in 
Westminster. SC. USA. 

EXPERIMENTAL FACILITY AND MEASUREMENTS 

The subsonic How examined here was generated in a variable-speed suction^ type, 
open-circuit wind tunnel located in the Department ol M*dwu*> fg'JSX 
Clemson University. The wind tunnel has « . contrac ion ratio ;° f * * ■ ™ ™J"; 
velocity used during testing was 62.98 to 65.43 m/s. corresponding to ReynoWs 
TuSba^d on ball diameter from 1 74.329 to 

section dimensions arc 57 cm (22.4 inches) square by 240 cm *L5 in) lon^ 
Honeycomb and screens, followed by a settling section, are . used I reduce 
turbulence levels in the test section and promote t, umlorm vc >c.ly J Mribut.on ,„ 
Twind .unncl.Thc tunnel is driven by a Buffalo Forge ccntrMugal b^"™nj 
y I 13m wheel diameter (size 890) with a rated capacity «t 1 1 30 (40 000 Urn) a A* 
cm sT ml o water. The wind tunnel exhibited a minimum working turbulence 
■2^«£^*n*. A sting was employed » hold U* taU ^ ««™ 
and to spin it at a known rate. The spinning sting provided la drive 'f™^ d 
sircamlined housing. Balls were mounted on the drive rod by drilling » " B gJ £*; 
through the center of the ball. A DC variable-specd motor and a vanaMe. rcgula cd 
DC power supply controlled the spin rate. Using a stroboscope to meagre tnc 
peripheral velocity. Ihe ball was set to 3000 rpm ± 23 rpm. 

Hot-wire anemometry was used to measure the component or the vc outy m^ (he 
downstream direction, or the streamwtse velocity componcnl Hot-wire anemom- 
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442 Siancwk. Lemons. Bcasley. and Uburdy 

dry employs on electronic circuit to maintain a noble metal wire at an deviled. 
Sfanuemperaturc The power required is a direct 

sineleTSI tungsten I260-TI5 constant-temperature hot wire was used to me.aure 
velocUy A Sng mechanism was employed to accurately locale teh»w« in 
the wake of the spinning golf ball. The ball was spun around lu^* 
Velocity measurements were made in a horizontal plane located ^center oi die 
ball, and perpendicular to the vertical spin axis. Slreamwisc velocity daw was 
obtained hT the horizontal plane at the vertical center «f «* ^ L Vc ou ty 
measurements were made at x/D of 0.2. 0.5, 0.75. 1 . 1 .25 1 .51 75 and ere 

D is the ball diameter, and * is the distance measured in 
wiih^Oatih ere ar(downsircam)surfaceoFth e baU.Aleach^localmn twttty- 

four velocity measurements were made on a base grid having 5 mm nten all. 
During these measurements the probe was moved in a direction perpendicular ■ i the 
now and in a horizontal plane; this direction is termed the spanw.se dmti on 
Relative to the center of the ball, this grid was displaced 1 .5 cm wward the s c of 
the ball spinning against the wind to account for the wake deflection ir. hat 
dtcUon TaddLn, moredetailed measurements were made in the wake £ase Ion 
information gained from the initial measurements made on the base g""" bed 
above. A refined wake region was identified based on an increase in the RMS v ,i ue 
of the velocity, and a corresponding decrease in the mean velocity nwn Uw 
freesiream data. The number of spanwise measurements ranged from a minimum 
of 48 to a maximum of 64 measurements over the 1 1.5 cm traversing span. 



RESULTS 

As summarized in table 55. 1 . night testing or Balls 1 . 2. and 3 indicated significant 
differences in the aerodynamic performance, with a resulting range of vanattun in 
carry distance for driver shots from 7 to 8%. As such, these balls should prov«,c an 
opportunity to examine whether significant differences in lift and drag correlate 
with measurably different wake characteristics. ^ 
As previously discussed, flow separates from the surface or the ball creating a 
low-pressure region at the rear of the ball. Separation points located further toward 
the rear of the ball yield smaller drag forces due to pressure, and smaller wakes. An 
important fundamental characteristic of flow around a golf ball is related to the spin. 

Table SS.I Aerodynamic Performance From Flight Testing 



Ball identification Normalised Distance* and Trajectory Height 

Carry distance Total distance Trajectory height 



Ball I 
Ball 2 

Ball 3 0.934 



0.919 0.88^ I. OIK! 

i.ooo iooo 07 '' 

0.969 0-»> 



